Insight into the physiological actions of thyroid hormone receptors from genetically modified mice.
Thyroid hormones exert a range of developmental and physiological actions in all vertebrates. Serum concentrations of L-thyroxine (T4) and 3,5,3 -L-triiodothyronine (T3) are maintained by a negative feedback loop involving T3-inhibition of hypothalamic thyrotrophin releasing hormone (TRH) and pituitary thyroid stimulating hormone (TSH) secretion, and by tissue specific and hormone-regulated expression of the three iodothyronine deiodinase enzymes that activate or metabolise thyroid hormones. T3 actions are mediated by two T3-receptors, TRalpha and TRbeta, which act as hormone-inducible transcription factors. The TRalpha (NR1A1) and TRbeta (NR1A2) genes encode mRNAs that are alternatively spliced to generate 9 mRNA isoforms (TRalpha1, alpha2, alpha3, Deltaalpha1, Deltaalpha2, beta1, beta2, beta3 and Deltabeta3), of which four (TRalpha1, alpha2, beta1 and beta2) are known to be expressed at the protein level in vivo. The numerous TR mRNAs are expressed widely in tissue- and developmental stage-specific patterns, although it is important to note that levels of mRNA expression may not correlate with receptor protein concentrations in individual tissues. The TRalpha2, alpha3, Deltaalpha1 and Deltaalpha2 transcripts encode proteins that fail to bind T3 in vitro. These non-binding isoforms, in addition to TRDeltabeta3 which does bind hormone, may act as dominant negative antagonists of the true T3-binding receptors in vitro, but their physiological functions and those of the TRbeta3 isoform have not been determined. In order to obtain a new understanding of the complexities of T3 action in vivo and the role of TRs during development, many mouse models of disrupted or augmented thyroid hormone signalling have been generated. The aim of this review is to provide a picture of the physiological actions of thyroid hormones by considering the phenotypes of these genetically modified mice.